Abstract. The paper is concerned with the specific features of Russia's economic development in a new economic environment that caused the need to revise the priorities of energy policy. The research presents the initial conditions, targets and strategic directions of energy development in the East of the country. The focus is made on the priority lines of innovation and technology cooperation between Russia and Northeast Asian countries in the field of energy, and recommendations on necessary conditions and initiatives for their successful implementation are given. Key words: East Siberia, the Far East, Eastern energy policy, energy sector, energy cooperation interstate innovative-technological cooperation in the energy field, mechanisms of energy strategy implementation.
Eastern vector -priority line in the energy development of Russia in the first half of the 21st century (main concepts)
Specific features of Russian economic development in a new economic environment caused the need to revise earlier adopted priorities in the economic and energy policy of the country.
The national interests of Russia require intensification of mutually beneficial energy cooperation between Russia and China, Japan, Korea and other countries of East and Northeast Asia 1 . In the official documents, this priority direction in the energy development of the country was named "Eastern Vector of Russia's energy policy" [1, 2] . The idea of this direction can be briefly formulated as follows: -creation of new energy centers in the East of the country 2 will increase energy security of Russia, restore and strengthen energy ties among the regions, solve many crucial federal, interregional and regional problems; -creation of a wide energy infrastructure including interstate gas and oil pipelines, and transmission lines in the east of Russia and Northeast Asia will reduce the cost of energy, improve reliability of energy supply to consumers in different countries, and help solve the environmental problems.
Eastern energy policy of Russia being part of the economic policy is not an end in itself but a tool for solving many principally important federal, interregional and regional problems;
Socioeconomic and geopolitical objectives:
-social -to increase comfort and improve living conditions of the population in the eastern regions of Russia.
-economic -to enhance the efficiency of the economy of Russia's East and its competitiveness, increase the availability of resources and accessibility of territories, expand active economic space of Russia, create conditions for attraction of foreign capital and advanced technologies;
-political -to consolidate and integrate entities of Federation, strengthen the unity of economic and energy space of the country;
-geopolitical -to strengthen Russia's position in the world economic system and in the community of states in Central and Northeast Asia.
Energy objectives:
-to increase energy security of the country and regions; -to increase adaptability and reliability of energy and fuel supply to consumers; -to improve the territorial and production structure of the national energy sector, especially in the eastern regions of the country;
-to build the energy transport infrastructure in Russia's East (systems of oil and gas pipelines, and power transmission lines) and create a single energy transport space in Russia.
Eastern regions in the country -East Siberia and the Far East -with their great economic and energy potential are of paramount importance for the implementation of Russia's national interests in this strategically important region of the world.
Initial conditions, targets and priority directions in the energy development of Russia's East
East Siberia and the Far East of the Russian Federation possess a large fuel and energy potential:
The hydro power potential is estimated at 81 % of that of the country. In East Siberia and the Far East there is 35 % of coal, 15 % of oil and 12 % of natural gas proved reserves.
These regions play an important role in the production of energy resources in Russia: in 2015 the eastern regions produced 18,5 % of electricity generated in the country, extracted 34,7 % of coal, 12,1% of oil, 7,2 % of natural gas and refined 10,5 % of crude oil.
Russia developed a large number of policy documents determining the strategic development of the economy and energy in the East of the country until 2030 in the context of energy cooperation between Russia and Northeast Asian countries. These documents are: "Energy Strategy of Russia until 2030" [2] , "Program for Creation of Unified Gas Production, Transportation and Supply System in East Siberia and the Far East with Potential Gas Export to the Markets of China and other APR Countries" (Eastern Gas Program) [3] , "Strategy of Socioeconomic Development of the Far East and the Baikal region until 2025" [4] , "Strategy of Socioeconomic Development of Siberia until 2020" [5] , and others.
Melentiev Energy Systems Institute SB RAS made a certain contribution to the development of the Eastern energy strategy of Russia. In 2007-2014, in the framework of feasibility studies on the Energy Strategy of Russia 2030, and research ordered by the regional authorities, the Institute conducted a great amount of studies on feasibility of longterm directions of energy development of the country and its eastern regions and some entities of the Russian Federation in their territories [6] [7] [8] [9] [10] [11] .
The strategy of long-term energy development of East Siberia and the Far East was developed considering some initial conditions and targets, of which the most important are the following two:
1. In the coming 15-20 years, Russia will be unable to develop the untouched territories of East Siberia and the Far East. Therefore, it is necessary to preserve and strengthen the base for the future development.
This can be done through the so called strategic scenario of economic development of these regions.
The strategic scenario of the economic development of the eastern regions suggests that the economy of Russia and its eastern regions should quantitatively and qualitatively near the current average European level. In doing so, the rates of the economic growth in the considered regions should be higher than on average in Russia. An increase in the share of these regions in the total population number of the country is also planned.
2. Energy development in East Siberia and the Far East in the considered time horizon will be aimed at both meeting the domestic demand for energy carriers and exporting Russian energy resources to the energy markets of NEA countries.
An analysis of the situation in the energy markets of China, Korea, Japan and other countries of Northeast and Eastern Asia shows that there a niche for the Russian energy resources in these countries. Russia is ready to provide these countries on mutually acceptable terms with the following energy resources from the eastern regions [2, 6, 12 Current state and prospects for energy development in the East of Russia (for two scenarios) are given in Table 1 .
The energy development in East Siberia and the Far East up to years 2030-2035 requires huge investment: the cost for some of the forecast strategies of energy development in the east of Russia is estimated [6] at $200-250 billion only for new energy enterprises, including $80-85 billion to be invested in the development of oil and gas production, and main oil and gas pipelines.
Such a strategy of energy development in East Siberia and the Far East is unlikely to be implemented without attraction of foreign investment, which supposes close energy cooperation between Russia and NEA countries.
The Russian government, regional authorities and companies have started a large-scale development of energy resources in the East of the country.
At present, the material resources of the eastern vector of Russia's energy policy are based on several large fuel and energy projects aimed at markets of NEA countries:
First, construction of the oil pipeline "East Siberia -Pacific Ocean" with a capacity of 80 million t per year with an oil pipeline branch to Skovorodino towards China with a capacity up to 15-20 million t of oil per year. Note: the left-hand value of the interval corresponds to an index for the conservative energy development scenario, and the right-hand value -for the optimistic scenario Source:
forecast indices -estimates by authors
Second, "Gazprom" drew up a program to develop natural gas resources in the East of Russia, convert Russian regions to gas, and deliver natural gas to NEA countries.
Third, Russian electricity companies are conducting a feasibility study on large-scale electricity supply to China, Japan and other NEA countries.
For Russia facing the new global and regional challenges, it is principally important not only to cooperate with NEA countries and trade in energy resources, but also to pursue an active technology and innovation policy. Oil and gas cooperation between Russia and NEA countries should take into consideration the following factors.
1. Currently, Russia at all levels is well aware of the need to deliver not only hydrocarbon raw materials to the international markets but also the products of advanced processing, with high value added. To this end, it is proposed to increase the production of oil products in the eastern regions of Russia, create new industries (oil-gas chemical, for example), since there is a high demand for their products in Russia and Northeast Asian countries. In the future Russia can become the major exporter of polymers in the region.
2. Oil and gas fields of the Siberian platform are unique in helium and ethane content. Natural gas from the fields of the Siberian platform contains up to 0.3-0.5 % of helium and 4.6-7.2 % of ethane. Helium reserves (category С1+С2) from the oil and gas fields of the Siberian platform are estimated at 8.5 billion m 3 , or about 30 % of the world reserves. In the future, Russia can become the largest helium exporter. Ministry of Energy of Russia devised a plan for the oil and gas chemistry development in Russia until 2030. This plan was approved by the Governmental Commission on the Fuel and Energy Complex on 28.12.2011, and its implementation (stage II) [14] was approved by the Order of Ministry of Energy of Russia No.79 of March 01, 2012.
The plan envisages the creation of 6 new oil and gas chemical clusters in Russia by 2030:
Russia is interested in mutually beneficial cooperation with foreign companies to establish new oil and gas chemical clusters in the East of the country, and in joint sale of produced polymers in the Russian and foreign markets.
Participation in the interstate power interconnections in NEA (1)
A general view on the problem The interstate integration and cooperation between Russia and NEA countries in the field of electric power industry are the components of the Eastern energy strategy of the Russian Federation.
This cooperation suggests the development of interstate power interconnections between eastern regions of Russia and NEA countries.
This concerns a potential interconnection of power systems of Russia's East (East Siberia and the Far East), Mongolia, Chinese People's Republic, North Korea, South Korea and Japan for parallel operation.
The area served by such an interstate power super grid can contain various types of power plants (thermal, hydro, nuclear, wind, etc.) with a total installed capacity above 500 million kW. (2) Interstate power interconnection in NEA: prospects for Russia The electric power potential of East Siberia and the Far East is great. These regions have above 20% of the installed capacity of all power plants in Russia. The electric power export potential of eastern regions that can be realized in the near future according to different estimations makes up 10-15 million kW, including 6-7 million kW in East Siberia and 4-8 million kW in the Far East.
The calculations show that the reconstruction of existing power plants, completion of started construction of power plants, and commissioning of those planned for construction in the near future in East Siberia alone will provide a large amount of surplus power (according to various estimations from 30 to 40 TWh).
Such an amount of electric power can be transmitted by high voltage transmission lines in southeastern direction (Mongolia, China), and to Russia's Far East. Construction of the high voltage transmission line "East Siberia -Far East" will make it possible to integrate the interconnected power systems of Siberia and the Far East for parallel operation, which will enhance the reliability of power supply to consumers in these regions and create necessary preconditions for the construction of an Eastern "wing" of global electric power system [15, 16] .
Currently, Russian companies are studying the possibility of constructing export-oriented power plants and high voltage transmission lines in the territory of Russia jointly with foreign companies to export a large amount of power (60-70 billion kWh) to the Republic of Korea, and 25-30 billion kWh -to Japan. Russia and China can actively and fruitfully cooperate with Mongolia to build the interstate electric power system "Russia -Mongolia -China" [17] .
Russian load serving entities, research and design institutes are actively participating in the development of the Asian Super Grid concept [18] .
Russia can actively and effectively cooperate with Mongolia in the construction of Gobitec and use of its solar and wind potential to build Asian Super Grid [19] .
Innovation and technology cooperation in the field of coal Cooperation in advanced processing of brown coal
A promising direction in the innovation and technology cooperation between Russia and NEA countries in the field of coal industry is the establishment of joint ventures for complex, advanced processing of Russian brown coals and the creation of a new industry in the east of Russia in the form of coal chemical production clusters.
Brown coal reserves in East Siberia and the Far East make up more than 85 billion t [20] . The major brown coal deposits include: -The deposits of Kansk-Achinsk basin in Krasnoyarsk Territory; -The Svobodninskoye and Sergeyevskoye deposits in Amur Region; -The Kangalasskoye deposit -in the Republic of Sakha (Yakutia); -The Ushumskoye -in the Jewish Autonomous Region; -The Mukhinskoye -in Khabarovsk Territory; -The Solntsevskoye -in Sakhalin Region. The cost of coal production is relatively low, therefore, these deposits can be used to set up joint ventures with foreign companies, that will be involved in the advanced processing of brown coal.
The products of advanced coal processing (such as motor fuel) can be supplied to consumers in Russia and other countries.
Cooperation in reliable power supply to off-grid and hard-to-access consumers in the eastern regions of Russia through the construction of renewable energy sources
According to the draft Russia's energy strategy 2035 [21] , it is planned to place into service a great amount of renewable energy sources throughout this period. The projected increase in the share of renewable energy sources in the total electricity generation makes up from current 0.2 % to 3% in 2035. This is particularly important for the economy of the eastern regions.
The use of renewable energy sources (mini-HPP, Geo-TPP, solar and wind power plants) is a strategic priority in the energy development of northern and hard-to access territories of Russia's East.
We estimate the total renewable capacity to be placed into service in the off-grid areas and the areas with unstable power supply in the east of Russia at 600-870 MW until 2035 according to the base and moderate-optimistic scenarios, respectively [2] . The main share of renewable capacity to be commissioned in East Siberia falls on solar power plants (287-318 MW). The main share of capacities to be put into operation in the Far East is represented by wind turbines (84-155 MW) (Fig.1) . 
Conclusions
1. Implementation of Russia's Eastern energy strategy is a challenging task. This challenge lies in the complexity of the task, which is carried out on a vast territory, and involves a great number of participants from different countries. Moreover, the policy measures (especially interstate energy projects) that suggest tight international energy cooperation at the federal (state), regional and interregional levels are very capital intensive.
2. There is an urgent necessity to develop a scientifically grounded strategy (road map) of energy cooperation between Russia and NEA countries, which should show the order of energy resources development, sequence and time of their supply to domestic consumers, amounts of export and import deliveries. The strategy should assess socioeconomic and other consequences from specific interstate projects not only for the individual companies, but also for the regions and an entire country.
3. To promote mutually beneficial forms of energy cooperation between Russia and NEA countries it is necessary to meet at least the following five conditions: 1) There should be political will and serious intentions of participants to implement a specific energy project mutually beneficial for each country.
2) The economic and energy policy of central and regional authorities, and business community of the countries should be coordinated to develop interstate energy projects.
3) The consequences (effects) of the large-scale interstate energy projects for countries, regions and energy companies should be comprehensively assessed, considering high uncertainty of future development, economic risks and global challenges.
4) The mutually acceptable mechanisms (organizational, economic, legal and other) should be developed to implement interstate energy projects.
5) The interstate projects should be developed and done by an international team (in all the stages: from feasibility study and design works to their implementation).
